Levels of inter-male aggression, both in laboratory encounters and in the field, rise dramatically during the breeding season, closely paralleling the seasonal rise in testosterone. However, post-pubertally castrated males also show the dramatic seasonal rise in aggression in laboratory encounters with castrated opponents and show no decrement in fighting ability when paired with intact opponents, clearly demonstrating the independence of seasonal aggression from the proximate modulating effects of testosterone in wood rats.
In many vertebrates aggressive activity and androgen titers are seasonal, both usually peaking during the breeding season (e.g., see refs. [1] [2] [3] [4] [5] [6] . This has been taken as evidence (7) for a modulating effect of androgen levels on male aggression and as corroboration for many studies using laboratory animals to demonstrate androgenic effects on aggression (8) . We report here the results of a study that establishes for wild-caught wood rats the independence of seasonal changes in male aggression from correlated seasonal changes in plasma testosterone levels.
Dusky-footed wood rats (Neotoma fuscipes) are solitary nocturnal rodents that nevertheless display a complex social organization, distinguishing neighbors from strangers (9) . Each rat occupies a large (up to a M3) stick house set in a cluster of such houses and presumably defends that house year-round. However, wood rats display seasonal breeding (10) , and there are a number of instances of breeding-season fighting reported by Linsdale and Tevis (ref. 10, pp. 386, 388, 602 ) that suggest enhanced aggression during this time of year. To clarify direct relationships between testosterone and aggression, we compared rates of aggressive activity between seasons in paired intact and castrated male wood rats. METHODS
Adult male wood rats were trapped near Carmel Valley, California, at the beginning of breeding and nonbreeding seasons, 3 wk prior to initiation of testing. Nineteen additional males were trapped in March during the middle of breeding season and 55 males were trapped in August to obtain estimates of the extent of wounding occurring in wild wood rats in their natural habitats during the times that our breedingand nonbreeding-season tests were conducted in the laboratory. Retro-orbital blood samples were obtained 36 hr after capture and 13 hr after an aggressive trial. (9) for the wood rat. They also included "clinch," a rolling fight that involved sustained contact and mutual biting. An attack was defined as a chase without contact or a chase with any of the other aggressive behaviors that occurred without pause in sequence with or during the chase. Bites during typical attacks were directed at the flanks of the fleeing animal. However, an animal that attempted to defend itself was often bitten in the abdominal area, resulting in a puncture wound, quite unlike the situation in either wild or domesticated Rattus norwegicus (12) . A rat was scored as dominant for a trial after the point at which it attacked its opponent and the opponent, unless cornered, consistently fled instead of fighting back. Each rat was tested with a size-matched opponent of, first, the same hormonal class, and then, 2 wk later, the opposite (castrated-intact) class but similar winning or losing experience, based on the results of the first trial. Sixteen intact and 14 castrated rats were tested during the breeding season (February and March, the months most adult males in the field have the largest testes), and 18 intact and 16 castrated rats were tested during the nonbreeding season (August and September, the months when testicular regression in the field is complete).
RESULTS AND DISCUSSION
In agreement with the naturalistic observations of Linsdale and Tevis (10), male wood rats trapped during the middle of the breeding season displayed a greater incidence of wounding than those trapped in nonbreeding season (Fig. 1A) .
As expected, the testosterone concentrations (Fig. 1B ) of intact males varied significantly between breeding and nonbreeding seasons, whereas castrated males showed very low testosterone concentrations and no seasonal trends. The amount of aggression displayed by intact males toward other intact males in the 20-min trials also varied seasonally, with significantly more attacks (Fig. 1C) and more time spent in aggression [Savage exponential scores test (13), P < 0.05] during the breeding season. However, castrated males, with very low concentrations of plasma testosterone in both seasons, showed the same significant seasonal response in amount of aggression toward their castrated opponents and did not differ from intact males in either season in frequency (Fig. 1C) Plasma testosterone concentrations have been associated in some other species (e.g., see refs. 14, 15) with dominance status. Were testosterone to affect dominance in wood rats, we might expect that in encounters between intact and castrated males, intact males would win more often, especially in the breeding season, when differences in plasma testosterone between intact and castrated males are large. However, we found no such effect. In encounters between intact and castrated males, matched for winning or losing experience in the first trial, each did equally well (ratio of wins/losses/ties for intact males: 14/13/3) in defeating members of the other hormonal class, with no seasonal trend. The undiminished fighting ability of the castrated males has established the independence of dominance from the effects of testicular androgens.
Another way testosterone has been shown to affect aggression in other species is by changing the stimulus value of an opponent. In laboratory rats and mice, testosterone given to an opponent has been shown to increase the probability that the opponent will elicit attacks (16, 17) . In the wood rat, In summary, seasonal fluctuating testosterone concentrations do not directly influence the ability of a male wood rat to defend or to elicit attack from another wood rat, they do not set the level of aggressive response that will be maintained for a particular season, and they do not modulate levels of aggression. Although it still might be possible for testosterone to indirectly influence aggressive behavior, for example, by sensitizing males in the presence of females (18) or by contributing to the demarcation of territory (19) , seasonal changes in aggression are independent from the direct influence of testicular androgens in wood rats.
The resource defense system of this wood rat makes such independence adaptive. The greatest threat to reproductive success from conspecific males comes during the breeding season, but the greatest need for house defense comes later in the year, after the young have been weaned and started seeking houses of their own, well after the testes of adult males have started to regress (10 Proc. Natl. Acad Sci. USA 81 (1984) Physiological Sciences: Caldwell et al.
